Abstract: The present investigation was undertaken to observe the effect of different combinations of almunium and iron (Al-Al, Al-Fe, Fe-Fe and Fe-Al) electrodes on the removal of colour, turbidity (TD) and total suspended solids (TSS) of biologically treated municipal wastewater ( BTMW) using applied potential (V), operating time (OT) and initial pH. The maximum removal of colour (98.7 %) and TSS (96.89 %) was found with the use of Al-Al combination with optimum operating conditions (Voltage: 40 V; OT: 40 mins.; IED: 1.0 cm; EA: 160 cm 2 ; initial pH: 7.5 and ST: 30 mins). It was interesting to note that TD of BTMW was completely removed at these optimal operating conditions. The economic evaluation of electrode combinations was observed to be in the order of Fe-Al 
INTRODUCTION
The increase in water demand due to the continuous growth of human population has aroused a strong interest in wastewater recycling which may be reused as a substitute for agricultural irrigation, industrial applications, ground water recharge, contributing to water conservation, municipal water supply and offering good economic benefits (Marchioretto and Reali, 2001) . Water reclamation, recycling, and reuse address these challenges by resolving water resource issue to a certain extent by increased public acceptance and improved understanding on public health risks (Tyagi et al., 2011) . The development of new or improved industrial processes that have no or little effect on the nature and processes for the treatment of inevitable wastes. The tendency of the cost of water to increase and the higher cost of effluent treatment due to the new restrictions on its discharge to the environment have induced industries to adopt the programmes aiming at the minimization of water consumption and favoring the development of new methodologies for the optimization of these resources (Souza et al., 2006) . The electrolytic process involves the generation of coagulants in situ by electrolytic oxidation of the sacrificial electrode material. Aluminum or iron is usually used as electrodes and their cations are generated by the dissolution of sacrificial anodes upon the application of direct current. The solubility of the metal hydroxide complexes , 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.ansfoundation.org formed depends on pH and ionic strength. Insoluble flocs are generated in a pH range between 6.0 and 7.0 as seen from the solubility diagrams of aluminum hydroxide at various pH values (Bensadok et al., 2008) . Grey wastewater has been recognized as one of the wastewater which includes water from baths, showers, hand basins, washing machines, dishwashers, kitchen sinks and constitutes 50-80% of the total household wastewater but excluding water from the toilet. The discharges of untreated grey wastewater in the ecosystem have substantial impacts on the environment and human health. However, at small scale the heavily polluted sources such as washing machines, dishwashers and kitchen sinks tend to be excluded, whereas at larger scale all sources are used to maximize water savings (Eriksson et al., 2003 and Pidou et al., 2008) . Now a days, Electrolytic wastewater treatment is the need of the hour due to its high effectiveness, its lower maintenance cost, less need for labor , versatility, energy efficiency, safety, selectivity and amenability to automation and cost effectiveness. In this process, the sacrificial metal anode and cathode produce electrically active coagulants along with tiny bubbles of hydrogen and oxygen in water . The iron (Fe) and aluminum (Al) electrodes are consumed and the coagulant is generated and precipitated. There is no requirement of liquid chemical. The pH adjustment is not needed because electro coagulation (EC) systems typically use metal Fe or Al anodes rather than corrosive Fe or Al salt solution (Kobya et al., 2011) .
The electrolytic process can be a candidate for the small-scale wastewater treatment because it is characterized by effective removal of pollutants by strong oxidation, easy operation by a lay person with simple education, no limitation by seasonal variation, variable capability to variable influent flux and quality, rapid treatment, and mobile installation (Hong et al., 2013) . The efficiency of EC is influenced by wastewater type, pH, current density, type of metal electrodes used (aluminum, steel, iron), number of electrodes, size of elec-trodes, and configuration of metals ( Hossain et al., 2013) . The present study was undertaken to study the efficiency of aluminum (Al) and iron (Fe) electrode combinations in removing colour, turbidity (TD) and total suspended solids (TSS) from biologically treated municipal wastewater (BTMW) at different operating conditions such as applied potential, operating time, electrode area and pH.
MATERIALS AND METHODS

Collection of wastewater samples:
The samples of BTMW were collected from the outlet of activated sludge process (ASP) of the sewage treatment plant (STP), Jagjeetpur, Haridwar (Uttarakhand), India and brought to the laboratory and then used for electrochemical treatment (ET) using different combinations of Al and Fe electrodes. The pH of BTMW was adjusted before the ET process and was maintained by adding the required amount of H 2 SO 4 (1 M) or NaOH (1 M). Electrolytic experimental set up: A rectangular Reactor with external dimensions of height -30 cm, width -7 cm, length -11 cm and wall thickness -10 mm constructed with glass with a capacity of 2.0 liters sample was used for the treatment of BTMW. Different electrode combinations (Al-Al, Al-Fe, Fe-Fe and Fe-Al) were connected to their respective anode and cathode leading to the D.C. power supply (LMC electronics, India 0 -500 V and 0-2 A). The different voltages (5 to 40 volts) were passed for different operating times (10 -80 min). After ET process, the treated sample was taken for the 30 mins settling time All the experiments were performed at room temperature (30±2º C) and at a constant stirring speed (100 rpm) to maintain the uniform mixing of BTMW during the ET. Before conducting an experiment, the electrodes were washed with water, dipped into diluted HCl (5% v/v) for 5 mins, thoroughly washed with water and then finally rinsed twice with distilled water as stated earlier (Chopra and Sharma., 2012) . Analytical methods: The colour, TD and TSS of BTMW were analyzed before and after the ET following the standard methods for examination of water and wastewater APHA, 2005. The calculation of colour, TD and TSS of removal efficiencies were carried out using the formula as described earlier .
RESULTS AND DISCUSSION
The characteristics of BTMW before electrochemical treatment are shown in Table 1 2 ), pH (7.5) and settling time (ST) (30 min.) (Fig.1) . Thus, Al-Al electrode combination was the most efficient in comparison to Al-Fe, Fe-Fe and Fe-Al electrode combinations in terms of removal efficiency of colour, TD and TSS. The difference in removal efficiency of the electrodes for these parameters can probably be attributed to the different types of coagulants generated from their respective electrode combinations. The voltage to the EC system determines the amount of Al 3+ ion released from the respective electrodes and the quantity of resulting coagulants. Thus, more Al 3+ ions get dissolved into the solution and the formation rate of Al(OH) 3 is increased. Also, it is well known that electrical potential not only determines the coagulant dosage rate but also the bubble production rate, size and the flocs growth, which can influence the treatment efficiency of the EC. At higher currents, the supply of metal ions is generated rapidly as compared to the coagulation process, resulting in a decrease of removal efficiency calculated on an equivalent Al or Fe basis ( Letterman et al., 1999 and Holt et al., 2002) . The rate of bubble-generation increases and the bubble size decreases with an increase in CD. Both of these trends are beneficial in terms of high pollutant removal efficiency by H 2 floatation (Song et al., 2008) . Cho et al. (2010) observed that the colour removal of swine wastewater was very low (1%) at 3V. Further, with an increase in the electric voltage, the colour removal was considerably enhanced, being approximately 67% and 92% at 5 and 7V respectively. According to Chopra and Sharma (2015) , the cell voltage increases gradually with the increase in current density as can be expected from the rate of anodic oxidation resulting in a greater amount of coagulant being formed during the electrolytic treatment that increases the removal of pollutants from wastewater. There was a slight increase in the temperature with the increase in current density because of poor conductivity of the solution. Effect of operating time (OT): OT also influences the treatment efficiency of the ET. In the present study, the removal of colour, TD and TSS was increased progressively with an increase in the OT from 5 to 40 mins as indicated in the Fig. 2 . It was found that the removal efficiency of colour, TD and TSS increased rapidly in the first 20 mins of the ET. For Al-Al, the maximum removal of colour (86.4 %) TD (98.20 %) and TSS (86.4 %) was observed, while with the use of Fe-Al, there was less removal of colour (74.5 %) TD (89.7 %) and TSS (74.5 %) at 40 mins of OT, beyond which there was no significant removal with the operating conditions of voltage: V 40, IED 1.0 cm, EA 80 cm 2 , pH 7.5 and ST 30 min. This may be due to the fact that the dissolved metal ions and their hydroxides in the BTMW achieved the saturation stage for floc formation. Tir and Mostefa (2008) observed that energy and electrode consumption increase with increase in reaction time thereby showing that reaction time is a very important parameter affecting the cost effectiveness of EC process in polluted waters. Bukhari (2008) stated that 0.05 A and 0.1 A of current applied for 5 mins of electrolytic time resulted in 40-50% and 50 -60% of suspended solids removal efficiency respectively and that the removal efficiency was obtained in proportion to the amount of dissolved materials against each of the working times ranging between 10 and 50 mins. It was also observed by Sharma and Chopra (2013) that the anodic electrode dissolution leads to the release of Al and Fe ions and OH -from the cathode leading to the formation of hydroxides of the Al and Fe and related oxidized products into the BTMW.
Effect of electrode area (EA):
The greater electrode area increased the rate of flock's formation that resulted in an increase in the removal percentage of color, TD and TSS of BTMW. With an increase in EA from 80 to 160 cm 2 , the maximum removal of colour (98.7 %) and TSS (96.89 %) was observed at 160 cm EA with the use of Al-Al, while with the use of Fe-Al, there was least removal of colour (85.69 %) TD (97.68 %) and TSS (87.6 %) at 160 cm 2 EA. The complete removal of TD was found at the 160 cm 2 for Al-Al. The color of BTMW was decreased gradually with an increase of the electrode area of Fe-Fe (Fig 3) . The increase in EA results in an increase in the bubble generation which in turn increases the removal efficiency of these parameters in BTMW by coagulation and floatation. The removal efficiency can be attributed to a more EA that produced larger amount of anions and cations from the anode and cathode surface. Daneshava et al., (2005) reported that an increase of electrode area causes a corresponding increase of coagulants. The entire effectiveness of the coagulation process depends on the appropriate amount of coagulant. Escobara et al. (2006) have also observed logistical relationship between electrode geometric area (AG) and copper removal efficiency; and accomplished that an increase in copper removal was related to an increase in AG, reaching an optimal value of 35 cm 2 , with an asymptotic value of near 80 %. Chopra and Sharma (2013) observed that with a fourfold increase in the electrode area of Al-Fe i.e. from 40 to 160 cm 2 , the current increased from 0.24 to 0.58 A, which resulted in an increase in the removal percentage of TD, COD and BOD from secondarily treated sewage.
Effect of pH:
The efficiency of electrode combinations for the removal of colour, TD and TSS at different pH values of 5 to 8.5 of BTMW with the operating conditions of voltage: V 40, IED 1.0 cm, EA 160 cm 2 and ST 30 min. is shown in Fig. 4 . For Al-Al, the maximum removal of colour (98.7%), TD (100%) and TSS (96.89%) was found at the pH value of 7.5, whereas the use of Fe-Al, there was least removal of colour (85.69 %), TD (97.68%) and TSS (87.6 %) at the pH of 7.5 with the constant operating conditions. After that, the removal efficiency of these parameters decreased gradually with the increase in pH of more than 7.5 at constant operating conditions. The pH of electrolyte medium is an important contributing parameter that can influence the electrolytic process. Bayramoglu (2004) indicated that the EC process exhibits some buffering capacity, especially in alkaline medium, which prevents large changes in pH and shows a decrease of the pollutant removal efficiency. Essadki et al. (2008) observed that the difference between maximum pH for COD and turbidity can be attributed to the formation of more stable flocs when pH is about 7, although it does not correspond to the optimum for dye removal. This behavior was attributed to the amphoteric character of aluminum hydroxide which does not precipitate at very low pH (Adhoum and Monser, 2004) . The defluoridation by electrodes is a major contributor to overall removal efficiency in an EC system. Higher removal efficiency of electrodes was corresponding to the influent pH range of 6.0-7.0, but the efficiency would decrease as the influent becoming acidic or basic. However, the removal efficiency of electrodes would become dominant even under basic conditions (pH ≥ 7.5) (Zhu et al., 2007) . Therefore, further increase of the influent pH would decrease the phenol, color and COD removal efficiency of paper mill wastewater (Katal and (Table 2) . Economic evaluation: Economic evaluation is one of the most important constraints of the ET because it affects the application of any wastewater treatment process. In ET process, the operating cost includes material mainly electrodes and electrical energy cost as well as labour, maintenance, sludge dewatering and its disposal. The operating cost (US $/m 3 ) was calculated in terms of energy and electrode material cost (Ghosh et al., 2008) . In the present study, for all the electrode (Table 3) .
Conclusion
The use of all the combinations of electrodes (Al-Al, Al-Fe, Fe-Fe and Fe-Al) for the removal of color, TD and TSS of BTMW by ET were found to be dependent on the voltage, OT and initial pH. Among the different electrode combinations, Al-Al combination was found to be most effective in removing colour,TD and TSS removal. It was motivating to note that there was no need for pH adjustment for the treatment of BTMW. The kinetic rate constants for colour, TD and TSS removal at various voltages indicated that pseudo firstorder kinetic was in good agreement with the significant correlation coefficients (>.90) of the experimental results. The operating cost for the ET of BTMW was found to be in the order of Fe-Al 
